In terms of the rate of accumulation of a-aminoisobutyric acid, mammary epithelial cells from mature virgin mice respond rapidly to insulin covalently bound to sepharose particles, but do not respond initially to soluble insulin in vitro. The response to insulin-sepharose is prevented if the cells are first exposed to insulin. These observations may provide new insight into the dynamics of insulin action.
Insulin plays several key roles in the differentiation of the mammary gland (1, 2) . Epithelial cells in explants of mammary tissue from pregnant mice respond rapidly to the hormone in vitro in terms of a-aminoisobutyric acid (AIB) accumulation, glucose-6-phosphate dehydrogenase (EC 1.1.1.49) activity, and DNA synthesis. However, mature virgin cells ao not respond to insulin until about 24 hr have elapsed (3) . This insulin insensitivity in virgin mice can account, in large part, for the relatively primitive developmental state of the cells in virgin animals. Furthermore, there is evidence for a difference in the mechanism by which insulin sensitivity is acquired in vivo at the start of pregnancy, and the mechanism by which the sensitivity develops slowly in vitro (3) .
This report is concerned with the insulin-insensitive state of the virgin cells. The question that initiated this study was whether virgin cells lack the apparatus required for response to insulin or whether the basic apparatus is present but somehow prevented from operating? The results clearly demonstrate that these insulin-insensitive mammary cells do, in fact, possess at least some of the elements necessary for rapid accumulation of a-aminoisobutyric acid in response to the hormone. Moreover, a new insight into the dynamics of insulin action has emerged from this study.
MATERIALS AND METHODS
The virgin mice used in these studies were from 3 to 5 months of age; the pregnant ones were in the middle of their first pregnancy. All mice were of the C3H/HeN strain.
Epithelial cells, freed from mammary fat cells, were prepared by treating the tissue with crude collagenase in the presence of 4% bovine serum albumin, as previously described (3). The minced tissue was dispersed by repeated aspiration into a capillary pipette during 35 min of such treatment.
All values for the accumulation of a-aminoisobutyric acid (AIB) in Tables 2-4 are normalized Exposure of virgin cells to insulin for 30 min before the addition of insulin-sepharose largely eliminates the stimulating effect of the particle-bound hormone (Table 4) . A several thousand-fold excess of bovine serum albumin, which was present in all the experiments serves as an inert-protein control for insulin. The experimental procedure was the same as that described in the legend to Table 2 . Each value is the mean i SE of 4-6 determinations.
DISCUSSION
Mouse rammary epithelial cells exist both in an insulininsensitive and sensitive condition depending on the developmental state of the animal (3). This offers an unusual opportunity to study cell-surface characteristics that are necessary for the action of the hormone (7), and to investigate certain dynamic aspects of the interaction between the cell and insulin.
The present results demonstrate, in confirmation of an earlier report (3) , that the virgin cells are indeed insensitive to insulin. However, the hormone rendered particulate by covalent bonding to sepharose particles produces a typical response, namely, enhanced AIB accumulation, in the cells. It is evident that virgin cells do actually possess some of the endowments necessary for effective interaction with insulin. The absence of such interaction with soluble insulin appears to reflect a masking of the preformed hormone-related apparatus.
In spite of the fact that insulin-sepharose exerts as great an effect on sensitive pregnant cells as insulin, microscopic examination revealed that there is essentially no binding of insulin-sepharose particles to the cells. Apparently, contact between cells and particles, as a result of collision during shaking, is very short-lived, albeit effective. When the virgin cells are exposed to soluble insulin before exposure to insulin-sepha- This scheme suggests that the cell attains an insulin-excited state after the hormone is detached from its membrane. Ability of a cell to respond to insulin apparently involves hormone receptors, the ability to permit release of the hormone, and whatever other apparatus is required. These insulin-insensitive cells appear to possess the receptors, and other hormone-related apparatus, but lack the ability to permit detachment of cell-bound insulin. It seems that particulate insulin-sepharose overcomes this barrier. Development of insulin-sensitivity by mammary epithelial cells from virgin mice, then, only necessitates that they acquire the ability to permit detachment of the hormone. An alternative interpretation of the results is that the particulate hormone, but not the soluble hormone, may have a conformation suitable for effective interaction with these cells. This would imply that mammary cells from virgin mice cannot appropriately change the conformation of soluble insulin, and that development of insu in-sensitivity involves acquisition, by the cells, of the abillity to produce the proper conformation of the hormone. The two interpretations that have been presented may, furthermore, overlap. It will be of interest to determine whether insulin-insensitive virgin cells also respond rapidly to insulin-sepharose in terms of glucose-6-phosphate dehydrogenase and DNA synthesis (3) . Similar considerations may pertain to the interaction between glucagon and liver cell-membranes (8) , as well as other, protein-hormone interactions with target cells.
